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Effect of rotation on the natural 














































































No energy radiates 






Plane mode  
higher modes 
6 
ll  l  
i i   
  Configuration  
Density 
ρ = 1200 kg/m3 
Radius R = 0.30 m 
Inflation pressure P = 10300 Pa 
Tension T = 1.03×104 N/m 
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Linearized acoustic wave equation with uniform, inviscid flow is 
p - Sound pressure disturbance  
c - Adiabatic speed of sound 
v - Flow speed 
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L - String density 
 - Displacement disturbance in string  
T - Tension in string 
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1) The lower boundary 








i. Impermeability condition 
ii. Velocity matching condition  
iii. Force balance 
kx= ks 
iv. Periodic condition 
 End point 1 and 2 are the same. 
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Flow speed equals string translating speed 
 






Solving the model 
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close to  
singularities! 




Wave number plots 
Phase velocity plots 
























































































Pressure distribution(+) Pressure distribution(-) 

















First acoustical mode 
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First acoustical mode 
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First acoustical mode 
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Pressure distribution(+) Pressure distribution(-) 
















Second acoustical mode 
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Second acoustical mode 
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Second acoustical mode 
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Spinning case, v = 50 m/s 
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Third acoustical mode 
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Third acoustical mode 
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Third acoustical mode 
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Spinning case, v = 50 m/s 
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  Frequency   
 (+) [Hz] 
Frequency    
  (-) [Hz] 
Frequency 
(static) [Hz] 
Structure mode 113.06 81.88 96.11 
Mode 1  299.80 222.12 253.87 
Mode 2 1735.87 1684.59 1709.10 
Mode 3 3431.11 3363.12 3404.70 
Natural frequencies ral frequencies when v = 50 m/s 
Phase-closure principle is applied here to obtain the results! 
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 Rotation induces frequency-split phenomenon. 
 
 In spinning case, the phase velocity of each mode is 
approximately the associated static phase velocity 
plus/minus flow velocity. 
 
 The radiation efficiency varies for positive-going wave and 
for the negative-going wave. 
 
 The plane wave mode is significantly influenced by the 
coupling effect while higher modes are less influenced. 
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Thank you! 
End 
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